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Protein databases, historical background

Swiss-Prot, http://www.expasy.org/sprot/
Established in 1986 in Swizerland
ExPASy (Expert Protein Analysis System)

Swiss Institute of Bioinformatics (SIB) and European Bioinformatics
Institute (EBI)

PIR, http://pir.georgetown.edu/
Established in 1984
National Biomedical Research Foundation, Georgetown University, USA

In 2002 merged into:

UniProt, http://www.uniprot.org/
A collaboration between SIB, EBI and Georgetown University.

UniProt . [ (4 |

UniProt

UniProt Knowledgebase (UniProtKB)
UniProt Reference Clusters (UniRef)
UniProt Archive (UniParc)

UniProt Metagenomic and Environmental Sequence
Database (UniMES)

UniProt Knowledgebase Release 2013_02 (06-Feb-13)
consists of:
UniProtKB/Swiss-Prot: Annotated manually (curated)
539,165 entries
UniProtKB/TrEMBL: Computer annotated
29,769,971 entries




Growth of UniProt

Mumber of entrics in UniProtKD/TrENBL
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Content of UniProt Knowledgebase

« Amino acid sequences
 Functional and structural annotations
- Function / activity
- Secondary structure
- Subcellular location
- Mutations, phenotypes
- Post-translational modifications
+ Origin
- orgahism: Species, subspecies; classification
- tissue
« References
* Cross references

Amino acid sequences &%

From where do you get amino acid sequences?

« Translation of nucleotide sequences
(6enBank/EMBL/DDBJ)

« Direct amino acid sequencing: Edman
degradation

+ Mass spectrometry
« 3D-structures




UniProt entry, formatted view
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Names and origin

Orgariem
Taxonarmic dentfer

Taxanamic Inzage

Protein attributes

UniProt ID

Recommended name:
Alpha-t.aniyp:

Aematie pemefs)

aha- peass hibtor

Aphs-tantprteinase

Serpin A1
Cleaved into the follovwing chain

sermar

Name.

Syronyms: AAT

CRF N PAGORDA, PROZ209
)

Homo sapiens
9606 [NC)

Eukaryota: Metszoa» cr
Haplorhin > Catantini » Hominidas > Homa

Vetebata rmalias Eutheriz > Primates

UniProt entry, text view (flat file)

I> A1AT HUWMAN Revieved; 418 1a.
AC  POLDNS; A6PX14: BZREDOS: QOPVPS: Q13672; QS3XBS; QSUONL: QFNARZ:
AC  QB6U1S; QOGUIS; QSGBFY; Q9SES1; QSPIFD: QSUCE6; QSUCHI:

DT  21-0UL-1986, integrated into UniFrotKB/Swiss-Frot.

DT  01-0CT-1986, sequence version 3.

DT  25-JAN-2D12, entry version 180.

DE Ipha-1-antitrypsin:

DE Ipha-1 protesse inhibitor;

DE Ipha-1-antiproteinase;

DE  AltName: Full=Serpin A1:

DE  Contains

DE Rechame: Full=Short peptice from AAT;

DE ShOrt=SPALT;

DE  Flags: Precursor;

G  Name=SERPINAL: Synonyms=AAT, PI; ORFNames=FROO684, PROZZOS:

05 Homo sapiens {Huwan] .

OC  Fukargota; Metasna; Chordata; Craniats; Vertebrata; Euteleostomi;
OC  Memwalia; Futheris; Euarchontoglires; Primates; Haplorrhini;
OC  Catarrhini; Hominidae; Homws.

OX  NCBI_TaxID=S605;

HI (1]

RP  NUCLEOTIDE SEQUENCE [MRNA] (ISOFORI 1) .

RX  NEDLINE=54107950; PubMed=6319097;

RL  Bollen A., Herzog A., Cravador A., Herion P., Chuchana P.,

RL  ven der Straten A., Loriau R., Jacobs ., van Elsen 4.

RT  "Cloning end expression in Escherichia coli of full-length

RT  complementary DHA coding for humen alpha 1-antitrypsin.”

RL  DNL 2:255-264(1983) .

General annotation (Comments)

RBIOLOGI
CALSEQU
ENCEANA
LYSIS CBS

General annotation (Comments)

Function

Subcellular location

Tissue specificity

Damain

Pasttranslational modificatian

Palymarghism

Involvement in disease

Miscallaneous

Sequence simiariies

Sequence caution

Inhititor of serine proteases. ts primary target s elastase, but it als has a maderate afnity for plasmin and thrombin.
Ineversoy inhibitstypsin, chymorypsin and plasminagen sctivaor. The aberant forn nhibits nsuininduced NO syrihesis n
Platelets, dcraases coagulation fime and has protealytic actvity against insulin and plasmin.

Short peptide flom AT (SPAAT) is a reversible chymotrypsin inhibitor. It also infibits elastase, but not trypsin. s major
hysiogical Tuncﬂun isthe prteston ofhe ower espiatory et aganstprteolytc desiructon by human eukocyte
elastase (HLE). (5e117) (eitc

Secreted
Short peptide from AAT Seereted > extracellular spacs > axtracalluar matrix (77,
Plasma.
Th reactive canter loop (RCL) extands out from tha bady of the protein and directs binding to tha target protease. The protease
cleaves the serpin at the reactiv site vithin the RCL, establishing a cavalent linkage between the carboxyl group of the serpin
reaciive site and the serine hydroxy! of the protease. The resulting inactive serpin-protease complex is highly stable.
Several isomere are absenved, resulting from the cambination of ifierent Ninked glyean structures and mature N-erminus.
vinkod gycan of Av07 s shamatly cantary, t artonnary et ston s glycan at Asn70 is
Graniomnay wih race amourts ofanénnary. and Gycan s Asn971 I cxclushely dhanannary Th iucursof he
tennas is NouSAc(alphal-6)Gal(betal-4)GICNAC attached to the care structure Man(alphat-6)

[Man(alphat-3)]Man(aeta-4)GIcNAc(betal-4)GcNAc. Some antannas are fucasylated, which forms a Lewis-X determinant
Proteolytic processing may yield the truncated form that ranges from Asp-30 to Lys-418.

aquence shown is that of the M1V allele which iz the most comman farm of PI (44 to 49%). Other frequent alleles are:
M1A 20 to 23%; M2 10 to 11%; M3 14 to 19%
Defects in SERPINAT are the cause of alpha-1-antirypsin dficiency (ATATD) [MIM:513490]. A disorder whose most comman

<tation is emphysema, which becames avidnt by the third to fourth dacade. A on manifestation of the
deciency is e csease, wich occurs n hidren and sduts, and may resul n cinhosis and et faiure, Enonmenl
factors, particulaty cigarette smoking, greatly increase the risk of emphysema at an earlir age.
“The aberrant form is found in the plasma of chranic smakers, and persists after smaking iz caased. It can stil be found tan
years after smoking has ceased
Belongs to the serpin family.
‘The sequence CAD2334.1 difiers from that shown, Reason: Emoneous intiation. Translation N-terminally shortened
The sequence CADG2585.1 difirs fom that shown. Reason: Erroneous intiation. Translation N-terminally shottened
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Different proteins belong to different compartments of the cell — and
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General annotation (Comments)

Function Inhititor of serine proteases. ts primary target s elastase, but it alsa has a maderate afnity for plasmin and thrombin.
Ineversibly inhbits trypsin, chymotrypsin and plasminagen activator. The aberrant form inhibits insulin-induced NO synthesis in
Platelets, deraases caagulation time and has pratealytic actvity against insulin and plasrmin. (* )
Short peptide flom AAT (SPAAT) is a reversible chymotrypsin inhibitor. It also infibits elastase, but not trypsin. s major
physiological function is the protection of the lower respiratory lract agains! proteolytic destruction by human leukacyte
elastase (HLE), (2117 (2eit2) (2ei2e

Subcelular location Secreted (7127
Short peptide from AAT Seereted > extracellular spacs > axtracalluar matrix (722,
Tissue specificity Plasma.
Damain Th reactive canter loop (RCL) extands out from the body of the protein and directs binding to tha target protease. The protease

e e s e St By ol o o 1 com b o S o
e S ey o o e e i e s e
St e e e, et e h ot Sfcn i yan stsctves s e iz
rofpe et g oot comhvi iy
Rk smcits oo o o1 vy s e oo o e
ntennae is NeuSAc(alphal-)Gal(betal-4)GIcNAc attached to the core structure
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Proteolytic processing may yield the truncated form that ranges fom Asp-30 to Lys-418.

Palymarghism The sequance hown is that of the M1V alele which is the most comman form of PI (44 to 49%). Other frequant allles are:
M1A 20 to 23%; M2 10 to 11%; M3 14 to 19%
Involvement in disease Defects in SERPINAT are the cause of alpha-1-antirypsin dficiency (ATATD) [MIM:513490]. A disorder whose most comman

manifectatian ic emphysema, which becomas avident by the third 1o fourth decads. A less comman manifestation of the
deiiciency is ler dissase, which occurs in children and adults, and may resul in cirthosis and liver failure. Emironmental
factors, particulatly cigaretts smoking, greatly increase the risk of smphysema at an ealier age. (=222 (70 (Faics

Miscallaneous Th aberrant form is found in the plasma of chranic smakers, and persists after smaking i caased. It can stil be found tan
years after smoking has ceased

Sequence simiariies Belongs to the serpin faily.

Sequence caution ‘The sequence CAD2334.1 difiers from that shown, Reason: Emoneous intiation. Translation N-terminally shortened

The sequence CADG2SE5.1 differs from that shawn. Reason: Erroneous infiation. Translation N-terminally shortened.
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Post-translational modifications

LYSIS CBS
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Translation Posttranslational processing .
Proteolysis

Glycosylation

Many proteins are modified after their synthesis in order to become
active
Proteolys|
Glycosylation: Particularly common in proteins on the surface of cells. Also
plays a role in sorting of proteins til lysosomes

Phosphorylation: Often reversible. Regulates the activity of many enzymes

: Cleavage of signal peptides, propeptides or initiator methionine




More post-translational

« Lipid anchors
* (e.g. GPT anchors)
« Disulfide bonds

.
" - 9 3 -
* Prosthetic groups ¥ SECHB-ARFRRe

General annotation (Ontologies)
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Sequence annotation (Feature Table)

Sequence annotation (Features)

s by o) Length | Descipton

aptica i Festus et
Wolecute processi
£ Siznl pestice 1 | G ) () (e [ —
O chain 2416 34 Apnatantisi (50 — RO _OOU01:237]
O Pestce 5416 44 Shon peptde fom AAT = FRo_ e
Regions
O Region sw-m 2 RCL e
Sites

ste 2-B3 2 Reactve bon
Amino acid maications

Mot residue 26 1 Soystenylcystene [ ——

Gyeosyaton n

Gyeosyation W

Gyeosyaton E

Natural variations.

O Alemathe sence 307418 112 Missng i sclorm 3 e ——
D) sematue sequnce 355410 63 AVHKA NFTOK E—
Natural vt 41 SeLinZWeiham (2 [ —1
[ Bt DA Vaunch (s E— Y]
s vt EA —————— Vanosem
Cansspords 1o variont 11568262 | SIP | Enserre |
Mol vt B 1 A-TinMEKakuha R —
[IRS— &

— it () ——————— var e
Conesponds fovarant <ZA31S70 | hSIVP | Ensermel |




Secondary structure (Feature Table)

LY5IS CBS

Secondary stiucture

I 1 1 [} ] 1
Helix  Strand | Tum

Tum B-50 3 -—
Helix si-68 18 —-—
Beta strang m-72 3

Beta strand 7-78 3

Helix 788 12

Helix 9-13 10 —
Tum 108-110 3 e —
Helix [EREANNNT) ——
Beta strand 1o N

Helix 152 160 9

Beta strand 185 - 169 5

Helix 7a-188 15 —
Tum 189 - 191 3 S a—
Beta strand W25 10 —
Beta strand 218-220 3 —
Helix 24-226 3

Beta strand 28-27 10 —
Beta strand -2 18 —
Tun 257 - 260 4

Beta strand 21 -268 8 —
Tun %9271 3 .

Beta strand 22219 8 —
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Protein structure

Primary structure

ANA
LYSIS CBS

Primary structure: Amino acid sequence

structure"_

Secondary structure:

“"Backbone” hydrogen bonding [ e
Alpha helix / Beta sheet / Turn " Bpleatedshest i
/ ipha helix
Tertiary structure: Fold, 3D coordinates sirveire <
quaternary

Quaternary structure: subunits structure

Evidence (Comments, Feature Table)

Q43495 (108_SOLLC) ¥ Reviewed, UniProtkB/Swiss-Prct
Last moified March 2, 2010, Version 4. E) History.

General annotation (Comments)

Subcelular location Secteted i)
Tissue specifcity Stamen- and tapetum-specific

Sequence similarities Belongs to the AS/FILT family

Sequence annotation (Features)

Feat Position(s) | Lengt tion

Wolecule processing
O Signal peptide 1-30 an ———

O chain 312102 72 Protein 108 — S PRO_0000000238

Amino aci ifications

Disulfide bond 41 77
Disulfide bond 51« 66
Disulfide bond 67 92
Disulfide bond 79 99




Evidence/Confidence types

3 types of non-experimental qualifiers in
Sequence annotation and General comment:

- Potential: Predicted using sequence analysis

- Probable: Uncertain experimental evidence

- By similarity: Predicted using sequence
similarity

UniProt entry, sequence(s)

Sequences
Soquence Longth  Mass ©a)  Tools
O tsoform 1 [UniParc] FASTA 418 46797 [Blest [

Lastmodifies October 1,199 Version 3.
Checksum: 7016535727 3B7F 16

10 2 30 E) 59 G
PSSVSUGTL LLAGLCCLYP VSLAEDPUG AMOKTOTSEE! DUDHFTFIKI TPULAEFAFS
n o %0 100 110 120
LYRQLARQSN STNIFFSPVS TATATAMLSL GTRADTHDET LEGLNFITE TPEAUTHEGE
130 140 15 160 1m0 180
GELLRTLNOP DSOLOLTTCN GLFLSEGIKL VOKFLEDVER LYHSEAFTVN FGOTEEAKKD
190 200 210 220 230 240
INDIVEKGT) GKIVDLYKEL DRVTVEALVN YIFFKGKIER PFEVKDTEEE DFWVDOVITY

250 260 210 250 200 00
KVPMGRLGH FNIQHCKKLS SUVLLIKYLG NATAIFFLPD EGKLQHLENE LTHDITTKFL

360

310 320 330 340 350
ENEDRRSASL HLPRLSTIOT YDIKSVLGQL GITKVFSHGA DLSGVIEEAP LKLSKAY

370 36p s ang a0
VLTIDERGTE AAGKIFLEAT PHSTPPEVEF WRPFVFLNIE QNTKSPLFNG KVUFTOR

«<Hise

o

Isoform 2 [UniParc] FASTA 359 40263 [Blast “[e
Checksum: D18A255538F 62945
o>

o

Isoform 3 [UniParc] FASTA 306 34755 [Blast “[e

Checksum: 150708EBC250E0C4
Show»

Cross-references, nucleotide sequences

Sequence databases

KD1396 mRNA, Translation: AABS3375.1
enornic DNA, Translation: AABE9495.1

YOTEE3 mRNA, Translation: CAA5838.1

M11485 mRNA, Translation: AAAS1548.1

02619 Genomic DNA, Translation: AAAG1547.1

DQEE2455 mRNA, Translation: ABG73380.1

AMD48838 Genomic DMA. Translation: CAJIS161.1

AF113676 mRNA, Translation: AAF29581.1

AF130068 mRNA, Translation: AAGI5496.1

161449 mRNA, Translation: CADE1974.1

B}247368 mRNA. Translation: CADB2306. 1

E}X248002 mRNA. Tranglation: CADE2334.1. Diflerent initiation

B}248257 mRNA. Translation: CADB2585.1. Diflerent initiation.

AK315537 mRNA, Translation: BAG3S005.1

BT019455 mRNA, Translation: AAV3E262.1

© EMBL
O GenBank
OoosJ

|5 K02212.4: 112K (12Kbs+) A @l - + T Tools~ |\ Configure &
1 K ___RK KK BK___[sK 7KKk t0K |11k 12229
Genes
aA
AaBS54es.| IEEE—————————8——
exon2 R @on3E  eondB oonSH

exon 11




Entry Msthod Resolution () Chain Positions PDBsum
AU Xy 270 A 4548 )
1058 Xeray 300 A 44377 3}
B 378-418 »}
1EDX Xeray 280 A 48382 3}
B 383418 »}
Xray 210 A 25418 >
12 Xeray 220 A 25418 »}
KT Xry 346 A 25418
1008 Xray 285 A 26418 »}
10PH Xry 230 A 26418
1PSI Xeray 292 A 26-418 »]
10 Xy 200 A %418 ]
1GMB  Xeray 280 A 49376 »]
B 377-418 »}
2026 Xeray 330 A 26382 3}
B 383418 »}
2006 Xy 200 A 25418
3CWL  Xeray 244 A 25418 »}
OWM Xray 251 A 25418
3DRM  Xeray 220 A 26418 »}
IRU Xray 320 ABC 26418 [
3NDD  Xeray 150 A 46372 »]
B 383418 »}
3NDF - Xeray 270 A 46381 »}
B 383418 »}
3TIP Xeray 390 A 48-418 2]
TAPI  Xray 300 A 36332 »}
B 383-418
BAPl  Xray 310 A 36332 »}
B 383-418
9API  Xray 300 A 36332 »]
B a34is )

Cross-references

Other databases linked from UniProt
(there are ~100 in total):

+ Nucleotide sequences

+ 3D structure

+ Protein-protein interactions

« Enzymatic activities and pathways

+ Gene expression (microarrays and 2D-PAGE)

+ Ontologies

+ Families and domains

+ Organism specific databases

Translation
and
Reading Frames




The genetic code

EN
LYS

Second letter

1] i G
Phenyl-  ||ucU cysteine |8
alanine UCC|c e 2 c
eacne |Be| [ stop codon |[I@Y Stop codon A
: ucG WX Stop codon Tryptophan |G
en O U
o : ) C((:E‘_ - CAC Histidine c _— c
Leucine roline | — rginine
CCA AAl ) L Al
ccG ICAG]| Clutamine ell=
= a
A [AGU ulz
Isoleucine ﬁgg AC| Asparagine|fs G| Serine cl|g
Threonine | == —
e GAl s oinine |A
Ang| Lysine AGG]| Arginine [
[GAU] Aspartic  {[GaU] o
G| |SYS] valine GCC | lanine | (o2 aci GGCl Giycine |8
GUA| " Gea [ a GA| Y A
GUG GCG ;| Clutamic 1iGGG
acid c

« Degenerate (redundant) but not ambiguous

« Almost universal (deviations found in mitochondria)

CEA
515 Cl

NA
BS

Reading Frames 1

A piece of an mRNA-strand:

5' 3

can be divided into triplets (codons) in three ways:

1 aug ccc aag cug aau agc gua gag ggg UUU UCA UCA UUU gag gac gau gua uaa
M P K L N s v E G F s S F E D D v *
2 ugc cca age uga aua geg uag agg ggu UUU Cau cau uug agg acg aug uau
c P s * I A * R G F H H L R T M Y
3 gec caa geu gaa uag cgu aga ggg guU UUC AUC auu uga gga Cga ugu aua
A Q A E * R R G v F I I * G R [+ I

Each possible set of triplets is called a reading frame.

Reading Frames 2

Since there are two strands in DNA, there are six possible reading
frames in a piece of DNA (three in each direction):

3 A QAE * RRGV F I I * GRZCTI
2 ¢ P S * I A * R GFUHUHTILTRTMY
1 M P KL NSV EGTFS S FETDTDUV *

5' ATGCCCAAGC! ATC 3

3' TACGGGTTCGACTTATCGCATCTCCCC TCCTGCTACATATT 5’

H G L QI AYTLPIK®* * KLV I YL -1
G L S FLTSPNETDTNSSSTY -2
A W A S Y RLPTEXKMMOQTPRIHETI -3

A reading frame from a start codon to the first stop codon is
called an gpen reading frame (underlined above).




Virtual Ribosome — required reading!

Nucleic Acids Research, 2006, Vol. 34, Web Server issue W385-W388

5.
doi:10.1093/narlghi252

Virtual Ribosome—a comprehensive DNA translation
tool with support for integration of sequence

feature annotation

Rasmus Wernersson*

Center for Biological Sequence Analysis, BioCentrum-DTU, Technical University of Denmark,

Building 208, DK-2800 Lyngby, Denmark

2006; Revised March 1

ABSTRACT
Virtual Ribosome is a DNA translation tool with two
9

and all translation tables defined by the NCBI
taxonomy group, including the use of alternative
start codons. (i) Integration of sequences feature
annotation—in particular, native support for working
h files containing intron/exon structure annota-
tion. The software is available for both download
and online use at http:/www.cbs.dtu.dk/services
VirtualRibosome/.

INTRODUCTION

A large number of software packages for translating DNA
sequences already exist, as services on the World Wide

This makes it easy o build datasets that can be used for
analyzing how the underlying exon structure is reflected in

e.2 how exon modules maps ontothe 3D structure
of the protein, see the FeatureMap3D server (4) elsewhere in
this issucl,

SOFTWARE FEATURES

Support for the degenerate nucleot

de alphabet
The software has full support for the TUPAC  alphabet
(Table 1) for degenerate nucleotides. For example, the
codon TCN comectly translates to § (serine) and not

(unknown) as often seen in other translators.

Support for a wide range of transiation tables
Full support for all translation tables defined by the
NCBI taxonomy group (5) (e the list below). The
command-line version of the software also has support for
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